Background: The health gap between the top and the bottom of the income distribution is widening rapidly in the United States, but the lifespan of America's poor depends substantially on where they live. We ask whether two major developments in American society, deindustrialisation and incarceration, can explain variation amongst states in life expectancy of those in the lowest income quartile. 
Introduction
Reducing health inequalities is one of the most important challenges facing contemporary society. Not only is this an issue of fairness and social justice, but such inequalities also generate substantial economic costs, including lower productivity, reduced tax revenue, greater welfare payments, and higher treatment costs. 1 Moreover, as the latest American Presidential Elections demonstrated, they may even have a profound political impact, with poor health outcomes fuelling the Trump vote. 2 
Previous research has revealed substantial inequalities in life expectancy in the United
States between income groups, genders, ethnicities, and geographies alike. 3 However, most attention has focused on proximal causes of these disparities, especially unhealthy behaviours like smoking and poor diets, 4 or on conventional social determinants of health, such as income inequality, unemployment, or neighbourhood context. 5 Few studies have sought to examine the more distal social, political, and economic roots of these determinants, i.e. the causes of the causes of health inequality. The purpose of this study is to investigate, for the first time, deindustrialisation and incarceration as upstream determinants of life expectancy in the bottom income quartile in the United States.
In a recent paper, Chetty et al. 6 examine the relationship between income and life expectancy in the United States between 2001 and 2014. They demonstrate how life expectancy tends to rise with income and how health inequalities between top and bottom income groups have widened rapidly over time. Moreover, whilst the rich tend to live longer everywhere, life expectancy amongst the poor shows significant geographical variation. The authors suggest a role for local area characteristics but refrain from further analysis. We shed light on state level determinants of life expectancy in the bottom income quartile, drawing on the interface of two principal literatures. First, we leverage insights from studies in the U.S. and elsewhere documenting the health effects of economic shocks and social dislocation. [7] [8] [9] [10] [11] These studies track the deleterious impacts of rapid industrial decline, heightened inequality, and rampant unemployment. Second, we take our cues from research on the relation between punishment and public health in post-industrial America [12] [13] [14] [15] [16] [17] [18] showing that prisons and jails both manifest and precipitate ethno-racial inequities, serve as vectors for ill health, stigmatise former inmates in ways that harm their life chances, and destabilise social relations and health in sending communities. Rather than being a simple measure of crime or mere racial animosity, (hyper-)incarceration is construed as a punitive political response to pervasive social division and insecurity wrought by accelerated economic stratification, as evidenced by the triple filter of class, race, and place whereby the penal apparatus distinctly targets poor African Americans of postindustrial wastelands. 19 On the other hand, in some urban areas, the loss of productive workers, resulting family disruptions, and reduced opportunities for ex-prisoners have all contributed to economic decline. 20 Gargantuan growth in incarceration has fostered further economic decay, fuelled by the aggressive criminalisation of urban spaces by means of selective targeting and preferential confinement, higher probability of incarceration, and longer sentences for society's most vulnerable. [19] [20] [21] [22] Against this backdrop, we hypothesise a causal link from deindustrialisation and incarceration to life expectancy amongst the poor. We use panel data analysis to examine the validity of these hypotheses. By virtue of constituting the first upstream analysis of its kind of health inequality in America, with a unique focus on two major developments (industrial decline and the rise of the penal state), the current study addresses a salient gap in scientific knowledge.
Data and methods
Our dependent variable is annual state level life expectancy at age 40 stratified by income quartile for men and women for all 50 U.S. states between 2001 and 2014.
These public-use data from the Health Inequality Project (HIP) are generated from 1.4
billion tax records between 1999 and 2014 linked to mortality data from Social Security Administration (SSA) death records. 6 Deindustrialisation is measured by the annual state level job destruction rate for manufacturing (NAICS sector 31-33), the number of jobs lost to establishment contraction or closure in a year divided by the employment at the beginning of the year. Data on employment and job destruction come from the U.S. Census Statistics of U.S. Businesses Employment Change Data
Tables. State level incarceration rates from the Bureau of Justice Statistics express the count of prisoners serving sentences of more than one year per 1000 state residents. Table 1 provides summary statistics of these variables, and Appendix Table A1 presents the correlation matrix.
[ Table 1 Table   2 .
[ Table 2 where LEit is life expectancy in the bottom income quartile for state i at time t; i and t are individual and time effects, respectively; DI is deindustrialisation and IR the incarceration rate at time t-1, thus allowing for lagged effects; C designates a set of control variables; and it is the stochastic disturbance. All analyses were conducted using the R software.
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Findings
In Figure 1 , life expectancy at age 40 in the bottom income quartile is plotted against job destruction rate in manufacturing, lagged one year, as a measure of deindustrialisation. A linear estimator is used to measure the gradient between the two variables, which is negative. Thus, an increase in deindustrialisation in a given year is negatively associated with life expectancy amongst the poor in the following year.
The second scatterplot ( Figure 2 ) is similar, only this time life expectancy at age 40 is plotted against state level incarceration rates per 1000 state residents, also lagged one year. The slope is negative and steep, indicating a pronounced inverse association between life expectancy and high imprisonment. The time series plot in Figure 3 compares the level of life expectancy in the bottom income quartile between states characterised by low and high incarceration rates over time. The relationship between deindustrialisation, incarceration, and life expectancy is further examined using fixed effects panel data models, all adjusted for aggregate time trends using year dummies. We also estimate autocorrelation and heteroskedasticity consistent standard errors for all regressions. Our baseline model is displayed in the first row of [ Table 3 about here]
We conduct a sensitivity analysis where state level control variables are introduced into and removed from the baseline model one by one to avoid overspecification. (We also run alternative control models with multiple control variables grouped into three categories, with our results remaining robust. See Appendix Table   A2 ). First, we provide results for race-adjusted life expectancy estimates (second row of Table 3 ). These estimates "remove the differences in life expectancy across areas and income groups that are due to differences in the racial composition of those areas." 24 Our results are robust to such differences (although, as expected, the incarceration effect is marginally reduced, from -0.468 to -0.434). This primarily suggests that the impacts of deindustrialisation and incarceration are more a function of class (i.e. socioeconomic conditions) than race.
19 Table 3 conveys how our predictors are robust to a range of potential confounders. The magnitudes and confidence intervals of deindustrialisation and incarceration remain largely unchanged. When we run similar models with life expectancy in the top income quartile as the outcome variable, the impacts of deindustrialisation and incarceration are negligible (see Appendix Table A3 reflects the inegalitarian nature of American growth, which seems to benefit the wealthy but which does little, if anything, to relieve the plight of the worst off.
Finally, we run Granger causality tests (with a lag depth of order one) on our variables of interest as a means of evaluating whether they can be said to contribute significantly to the sample variation in life expectancy (see Appendix Table A4 ). The tests reveal that both deindustrialisation and incarceration "Granger cause" life expectancy in the bottom income quartile, meaning the improved predictability of the latter from past values of our two independent variables is substantial. In other words, The tests also produce negligible results for the top income quartile.
Interpretation and discussion
Our main findings suggest that, between 2001 and 2014, the loss in life expectancy for the bottom income quartile associated with deindustrialisation and incarceration was substantial. To put our results in perspective, the demographic impact of all cancers corresponds to approximately 3.2 years of reduced life expectancy. 25 On the basis of our findings, the implied average gain, were incarceration and deindustrialisation to be entirely eliminated, would be 2681 years. This suggests that the adverse health effects of rapid socioeconomic dislocation and of the punitive regulation of poverty could explain virtually the entire increase in the vital gap between the top and the bottom income quartiles since 2001 (which has increased by around 2.3 years; see Figure 4 ). It is likely that these phenomena unleash cascading effects: the weakening of American labour has left large swathes of the population in chronic unemployment, vulnerable to economic insecurity, psychosocial stress, and unhealthy behavioural patterns, such as smoking, poor diets, drug abuse, or sedentary lifestyles. 7, 8, 10, 11 As such, it is plausible to suggest that smoking, physical inactivity, overweight/obesity, and other proximal determinants may be viewed as pathways rather than confounders of the relationship between deindustrialisation and life expectancy. The political response to this form of social turbulence has been largely punitive, as evidenced by the rolling out of the penal state in recent decades coupled with the dismantling of welfare assistance, 19 further perpetuating and amplifying inequalities in life expectancy. A further consideration is that, in areas with lower life expectancy, individuals may reason that there is little point in investing in measures that would improve their economic prospects and may substitute short-term rewards, even if illegal, for uncertain longer-term benefits, consistent with a substantial body of evidence on time preferences and health-related behaviour. 26, 27 Thus, deindustrialisation, incarceration, and poor health mutually interact to create a vicious downward cycle.
[ Future research should seek to integrate such data in order to evaluate the true impact of punitive social policy across various social and spatial divides. Note: 95% confidence intervals using robust standard errors in parentheses, followed by p-values 
Conclusions and public health implications
